Six genes that contain sequence encoding the DNA binding domain of the Myb oncoproteins have been isolated from a cDNA library prepared from Antirrhinum majus (snapdragon) flowers using oligonucleotide probes directed against part of this domain. The derived amino acid sequences of these genes reveal acidic domains in their carboxy termini, suggesting that they might act as transcriptional activators. Analysis of their expression patterns with respect to organ specificity, floral differentiation, and response to light suggests that these genes are not involved in controlling anthocyanin biosynthesis, unlike the characterized myb-related genes C1 and PI from maize. One of the genes is expressed mainly in the nectary and the transmitting tract of the style, two major secretory tissues of the flower, suggesting that the function of this gene is related to active carbohydrate secretion. We conclude that plants contain a number of myb-related transcriptional activators involved in a diversity of gene regulation.
INTRODUCTION
Relatively few genes involved in transcriptional regulation in higher plants have been characterized at a molecular level. The first to be isolated was the C1 gene from maize (Cone et aI., 1986; Paz-Ares et aI., 1986) , which regulates structural genes involved in the biosynthesis of anthocyanin pigment in a tissue-specific manner (Dooner and Nelson, 1979) . The C1 gene contains a domain at the amino terminus of the deduced protein sequence that shows high similarity to the DNA binding domain of the c-myb proto-oncogene (Paz-Ares et aI., 1987) . c-myb, which is very highly conserved in chicken, mouse, and humans (Klempnauer et aI., 1982; Gonda et aI., 1985; Majello et aI., 1986) , is expressed in immature thymocytes (Westin et aI., 1982) and is thought to be involved in the regulation of hematopoiesis (Duprey and Boettiger, 1985; Gewirtz and Calabretta 1988) . The protein encoded by c-myb is located in the nucleus (Klempnauer et aI., 1984) . It can be divided into two parts with different functions: the amino-terminal region, which contains three imperfect repeats of 51 to 52 amino acids and which binds DNA in a sequence-specific manner (Biedenkapp et aI., 1988; Howe et aI., 1990) , and a part of the carboxy terminus, which acts as a transcriptional activator when fused to a heterologous DNA binding domain or as part of the intact c-Myb protein (Weston and Bishop, 1989; Sakura et aI., 1989) . The maize C1 gene also contains a carboxy-terminal domain that could form an acidic amphipathic a-helix 1 To whom correspondence should be addressed. and act as a transcriptional activator (Paz-Ares et aI., 1990) . The presence of this domain implies that C1 regulates anthocyanin production directly by activating transcription of biosynthetic genes. This idea is supported further by experiments showing that C1 is required for production of luciferase when the reporter gene is under the control of an anthocyanin biosynthetic gene promoter (Goff et aI., 1990) .
C1 controls anthocyanin biosynthesis in the maize aleurone. In other maize tissues, anthocyanin biosynthesis is regulated by the PI locus, which has high sequence identity with C1 and is thought to be a duplicated gene (Cone and Burr, 1988) . In maize, therefore, regUlation of anthocyanin biosynthesis operates through at least two myb-related genes, depending on the developmental stage.
The myb DNA binding domain has also been found in genes in humans (Nomura et aI., 1988) , Drosophila (Katzen et aI., 1985) , yeast (Tice-Baldwin et aI., 1989) , and another two genes from maize and two from barley (Marocco et aI., 1989) . The plant myb-related genes show no similarity to C1 outside the DNA binding domain, and their function(s) remain unknown.
myb-related genes appear to perform a range of functions in different organisms through the transcriptional activation of different genes. We were interested in determining the extent to which myb gene homologs might be involved in controlling floral development and whether their role is exclusively concerned with the regulation of anthocyanin biosynthesis or extends to controlling other meta- (Martin et aI., 1987) . Some of these have been shown to affect the expression of specific genes of the anthocyanin biosynthetic pathway (Almeida et aI., 1989) . We report that at least six myb genes are expressed in flowers, and, by investigating their patterns of expression, we have begun to infer which specific processes these genes may be regulating as well as drawing more general conclusions about the roles of myb-related genes in plants. he maize C1 gene has sequence similarity to animal myb genes over a stretch of about 100 amino acids at the amino-terminal end of the deduced protein sequence. We constructed two 42-mer oligonucleotides corresponding to a part of this domain that is particularly highly conserved: one oligonucleotide (02) corresponding to the C1 sequence (Paz Ares et aI., 1987) , and the other (01) to an myb consensus sequence. Each oligonucleotide was used to probe duplicate filters lifted from a >..gt10 cDNA library prepared from mRNA from developing flower buds. Using these, we were able to isolate six different types of cDNA clones: one (308) using oligonucleotide 01 , and the other five using oligonucleotide 02.
The longest clone from each class was sequenced together with some of the shorter clones. Three of the cDNA clones (305,306, and 315) were incomplete at the 3' end because of the presence of unmethylated EcoRI sites during preparation of the library. Therefore, we used 3' polymerase chain reaction (peR) race amplification to isolate fUll-length cDNAs in these cases (Frohman et aI., 1989) . In addition, clones 305 and 308 were incomplete at the 5' end, and we used the genomic clones of these to deduce the full protein sequence.
The complete amino acid sequence derived for each gene is shown in Figure 1 . The sequences are aligned according to the 51 to 53 amino acid imperfect repeats at the amino terminus of the protein (boxed in Figure 1 ), as suggested by Frampton et al. (1989) . As is the case for C1 (Paz-Ares et aI., 1987) , all six genes have two of these imperfect repeats, unlike animal and Drosophila myb genes, which have a third repeat at the amino-terminal end. These repeats in c-myb interact with DNA in vitro in a sequence-specific manner (Biedenkapp et aI., 1988; Howe et aI., 1990) .
The degree of amino acid identity over these repeats between the Antirrhinum genes and animal myb genes is in the same range as C1 (42% to 51 % identity compared with 42% for Ct). As expected, there is greater amino acid identity between the myb repeats of C1 and the Antirrhinum genes (57% to 67%). Furthermore, if one considers only those residues identical between animal c-myb and C1, between 81 % and 91 % of these are also conserved in the different Antirrhinum genes. In particular, the regularly spaced tryptophan residues are conserved, except for the first tryptophan of the second repeat, which is replaced by another hydrophobic residue (isoleucine, leucine, or phenylalanine) in Antirrhinum myb genes. In C1, the residue at this position is isoleucine. The tryptophan residues have been implicated in the binding of DNA (Anton and Frampton, 1988) . The sequences are most similar in the carboxy half of each repeat, where it has been proposed that a helix-tum-helix motif may occur (Frampton et ai., 1989) . Although there is considerable variation at the end of the second repeat, the positively charged nature of this region is maintained in all the Antirrhinum myb genes.
Outside the myb repeats, there is little similarity between any of the Antirrhinum genes except between clones 305 and 340 (marked in Figure 1 ). Clones 305 and 340 are also almost identical over the myb domain, suggesting that they share a very similar function or are related in the same way as the duplicated C1 and PI genes of maize. No similarity was found between the Antirrhinum myb genes and C1 or c-myb, and, in a search of the EMBL data base (Devereux et ai., 1984) , we failed to find any sequences significantly similar to the carboxy termini of any of the Antirrhinum myb genes. However, close to the carboxyterminal end of the myb domain, the sequence GIPDXH is found in several of the Antirrhinum clones (308, 315, and 330) and in myb genes from barley (Hv1 and Hv33) and maize Zm38). In addition, a sequence identified as conserved between myb genes Hv1 and Zm38, CPDLNLDLXISPP (Marocco et ai., 1989) , is also found in the carboxy-terminal portion of the 308 sequence. These two conserved domains, which are not found in any other protein in the EMBL data base, may indicate some functional similarity between these genes.
All six Antirrhinum myb genes have domains in the carboxy half of the protein that have overall negative charge and show a-helical tendencies in a Chou-Fasman secondary structure prediction (Devereux et ai., 1984) . For 305, 306, 315, and 340, this domain is at the carboxy terminus, as is the case for C1, whereas for 308 and 330, the acidic domain is more central, as is found in c-myb (Weston and Bishop, 1989) .
Expression of the Antirrhinum myb Genes
Each gene gives rise to a major transcript of between 0.9 kb and 1.3 kb, as shown in Figure 2 . In addition, we detected one or more larger transcripts of low abundance for each gene. We believe these to be processing intermediates because RNA gel blots and PCR-amplified cDNAs probed with an intron from one gene, 308, showed hybridization only to the larger transcripts for this gene.
We have examined PCR-amplified cDNA for each myb gene from a number of different tissues but have found no evidence that differential splicing plays a role in controlling myb gene products in different tissues. All the genes were expressed at relatively low levels, and the frequency of obtaining cDNA clones suggested that in flowers they may represent less than 0.01 % of the mRNA. Expression of 306 was very low such that transcripts could only just be detected after a 2-week exposure of poly A+ RNA gel blots.
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We predicted that if any of the floral myb genes were involved in controlling transcription of anthocyanin biosynthetic genes, they would be expressed in pigmented tissue at the same time as or slightly before the structural genes. Consequently, we examined organ-specific expression as well as temporal expression during floral development. The pattern of expression for five of the genes in different organs, studied by RNA gel blotting, is shown in Figure  3A . The expression of 306 was extremely low; therefore, we used PCR amplification of cDNA prepared from different organs, followed by DNA gel blotting to ascertain the expression pattern of this gene (Figure 38 ). Under the conditions used (see Methods), the PCR was semiquantitative.
On the basis of this analysis, the genes could be grouped into three classes: 308 and 315 showed expression in all plant organs, although 315 was noticeably enhanced in the stem; 306 and 330 were expressed in flowers and some, but not all, of the other organs tested; and 305 and 340 were expressed specifically in flowers. All of the differences observed on RNA gel blots were confirmed in independent experiments using PCR amplification of cDNA (results not shown). The expression of the two flowerspecific myb genes (305 and 340) was compared with that of flavanone 3-hydroxylase (F-3-H), a biosynthetic gene in the anthocyanin pathway that is controlled by many of the genetically characterized anthocyanin regulatory loci (Martin et aI., 1987; Almeida et aI., 1989) . The temporal expression during floral development is shown in Figure 4 and differed between the two flower-specific myb genes. Expression of 340 started, like that of F-3-H, at the earliest stage tested (0 mm to 5 mm buds), whereas expression of 305 was not detectable until the buds were 15 mm to 20 mm in length (Figure 4 ). This suggests that, whereas 340 could be a regulator of anthocyanin biosynthesis, it is unlikely that this is the case for 305, at least not in the earliest stages of anthocyanin expression. The expression of 305, 306, 308, 330 , and 340 all increased as flowers developed (Figure 3) . Although flowers are complex organs with many different tissues, this expression pattern suggests that these myb-related genes are involved in the regulation of processes occurring in mature tissues rather than processes involved in the differentiation of the floral organs themselves.
In Situ Hybridization
To examine the possibility that 340 is a regulator of anthocyanin biosynthesis, we hybridized tritium-labeled riboprobes to sections of whole flower buds of 25 mm to 30 mm length, the stage at which expression of 340 is at a maximum. Hybridization over the flower was localized in discrete cell or tissue types, as shown in Figure 5 . Expression was strongest in tissues at the base of the carpel ( Figure 5A ), and in transverse sections, this was seen as a ring of expression that extended around the base of the carpel (data not shown). These tissues make up the nectarsecreting organ of the flower, the nectary. Expression was also evident in the style; this is clearest in transverse sections where expression is localized in a layer of cells of the transmitting tract at the boundary between this tissue and the cortical tissue ( Figure 5B ). Expression of 340 was also evident in petals, although at a lower level, and there was an even distribution of expression over the epidermis and mesophyll ( Figure 5C ). To avoid the possibility of cross-hybridization with other myb transcripts, a probe containing only the 3' half of 340 was also used. Although the level of signal obtained with this shorter probe was lower than with the full-length probe, the same localization was observed, showing that the pattern of expression observed was indeed specific for 340. This expression is in contrast to expression of structural genes in the anthocyanin biosynthetic pathway, which in flowers is strongest in the petals and here is epidermal specific (D. Jackson, unpublished data).
Effect of Light on Expression of myb Genes
We examined the expression of the myb genes in response to light by using developing seedlings because flowers do not develop in complete darkness. Antirrhinum seedlings were germinated in the dark, and after 1 week, half were exposed to light for 1 week. RNA was prepared from lightgrown and dark-grown tissue, and the expression of the myb genes was examined by peR amplification of cDNA, as shown in Figure 6 . Transcripts of 305 and 340 were not detected, supporting our observations that expression of these genes was flower specific. No difference in the expression of clones 308 or 315 was observed in lightgrown and dark-grown material, whereas slightly higher myb Genes in Antirrhinum 119 levels of 330 were found in dark-grown seedlings. Expression of 306 was significantly higher in dark-grown than in light-grown tissue, and this difference was observed in three different Antirrhinum lines. The higher expression of 306 in the dark suggests that this myb gene may be involved in controlling the expression of genes active in dark-grown tissue. There is no evidence that any of these Antirrhinum myb genes are strongly induced in response to light in contrast to the anthocyanin biosynthetic genes of Antirrhinum such as chalcone synthase (Figure 6 ). The influence of light on anthocyanin biosynthesis may occur partly through regulatory genes such as R (Taylor and Briggs, 1990) and C1. For example, an allele of C1 in which expression is induced by light has been characterized (Hsu, 1970; Wienand et aL, 1989) . The absence of light-induced expression of the Antirrhinum myb genes argues against a role for them in floral pigmentation because pigmentation is light responsive.
DISCUSSION

Isolation of myb-Related Genes from Antirrhinum
We have isolated six genes expressed in Antirrhinum flowers, all of which contain sequences encoding the myb DNA binding domain. The primary sequence of each gene shows that, as in C1 (Paz-Ares et aL, 1987), the first repeat of the three 51 to 53 amino acid repeats found in animal and Drosophila Myb proto-oncoproteins is absent. Deletion of this first repeat in c-myb, however, has no effect on sequence-specific DNA binding in vitro (Howe et aL, 1990) , and indeed the protein encoded by v-myb, which exhibits sequence-specific DNA binding, contains a truncation of part of the first repeat (Biedenkapp et aL, 1988) . These findings suggest that, despite lacking the first repeat, the plant myb-related genes are likely to bind DNA in a sequence-specific manner.
It has been postulated that toward the end of each repeat there may be a helix-turn-helix motif similar to that found in A cro-Iike proteins and the Antennapedia gene product from Drosophila (Frampton et aL, 1989; Qian et aL, 1989) . In addition, the regularly spaced tryptophan residues have been implicated in DNA binding (Anton and Frampton, 1988) , and their conservation in the plant myb genes suggests that they playa specific role in addition to constituting the hydrophobic residues of a helix-turn-helix motif. In fact, it is unlikely that a helix-turn-helix could form in the first repeat because in most of the Antirrhinum myb genes and in C1 there is a proline residue in the middle of a predicted helix, as illustrated in Figure 7 . However, a helix-turn-helix motif could form in the second repeat. If this were so, then the residues thought to be involved in intimate contact with the DNA and in regulating sequencespecific binding activity would be those associated with 
LDLDLD
in the EMBL data base. However, each gene contains a stretch of amino acids with net negative charge and which, according to a Chou-Fasman secondary structure prediction, could form an a-helical structure. This type of structure has been implicated in transcriptional activation (Ptashne, 1988; Sigler, 1988) , and this suggests that the Antirrhinum myb genes, which were selected as containing the particular DNA binding domain, are also likely to be transcriptional activators. Furthermore, it is interesting to note that the carboxy termini of several of the Antirrhinum myb genes are rich in serine and threonine residues, which are potential sites for phosphorylation. Phosphorylation could provide a means by which transcriptional activation is post-translationally modified because this would provide the acidity required for activation. Such a mechanism has indeed been proposed for c-fos, which is also rich in serine and threonine (Lech et ai., 1988) . cDNA prepared from light-grown (L) or dark-grown (D) seedlings was PCR amplified using specific oligonucleotides for each myb gene or for a gene of the anthocyanin biosynthetic pathway, chalcone synthase (CHS). The PCR products were separated on an agarose gel, blotted, and probed with the relevant cDNA.
Expression of myb Genes
The organ-specific and temporal patterns of expression show differences between each of the six myb genes. the recognition helix of the helix-tum-helix motif (Figure 7) . The end of the predicted recognition helices of the second repeat and the patches of basic amino acids that adjoin them differ significantly between the Antirrhinum genes ( Figure 7 ). Although it has been reported that the C1 protein binds to a DNA sequence similar to that to which the c-myb protein binds (Wienand et ai., 1989) , these differences imply that the Antirrhinum myb genes may bind to different recognition sequences. Our preliminary data indeed show that two of the Antirrhinum myb genes do not bind to either the c-myb or the C1 recognition sequence.
Outside the DNA binding domain, there is only limited similarity between the Antirrhinum myb genes and other myb genes from plants and none with any other sequence I helix 1 Hhelix 2 H helix 3 I recognition helix Figure 7 . Consensus Sequence Derived from 14 Plant mybRelated Genes.
The sequences included are the six Antirrhinum genes reported in this paper: C1 (Paz-Ares et aI., 1987), Zm1 and Zm38 from maize, Hv1 and Hv33 from barley (Marocco et aI., 1989) , and three genes from petunia (sequences kindly provided by J. PazAres). The consensus is shown over the two 51 to 53 amino acid repeats. Also shown is the position of the proposed helix-turnhelix motif. Upper-case letters denote 100% conservation. Lowercase letters and + (basic residue), -(acidic residue), and # (hydrophobic residue) denote> 10/14 residues conserved. Dots denote < 10/14 residues conserved. (C) Section through the petal. e, epidermis; m, mesophyll. Expression is not localized in the petal but is seen evenly over mesophyll and epidermal cells. Note that the outer epidermis is highly reflective and appears bright under dark-field microscopy.
Expression in organs other than floral remains consistent with a proposal that, like C1, these genes may be regulating anthocyanin biosynthesis because anthocyanin is present also in leaves and stems. However, anthocyanin production in roots is only sporadic (C. Martin, unpublished data), which argues against 308, 315, or 330 being transcriptional activators of anthocyanin production because these genes are expressed in roots. It is possible, however, that an additional factor is required for anthocyanin biosynthesis and that it is this factor that is absent from roots. Of the other three myb genes, 305, 306, and 340, the temporal expression of 340 mimics exactly that of F-3-H, one of the genes involved in anthocyanin biosynthesis (Forkmann and Stotz, 1981; Martin et aI., 1987) . In situ hybridization showed that the spatial and tissue-specific expression of 340 is very different from that of F-3-H, which matches precisely the observed epidermal-specific distribution of anthocyanin in petals (D. Jackson, unpublished results) . Expression of 340 is strongest in the nectary, an organ that encircles the base of the carpel and is involved in the secretion of nectar through modified stomatal pores. It is also expressed in a layer of cells of the transmitting tract of the style, which is the tissue through which the pollen tube grows; this tissue is also active in carbohydrate secretion. We postulate that this gene may be involved in regulation of extracellular carbohydrate secretion. It is interesting to note that the mim 1 gene, which is regulated by c-myb, encodes a secreted protein (Ness et aI., 1989) , suggesting that one of the functions of c-myb in animals is to regulate secretion in specific cell types. The maximum expression of the two flower-specific myb genes (305 and 340) and also 306, 308, and 330 occurs late in flower development and suggests that these genes are involved in the regulation of metabolic pathways rather than in primary developmental events such as floral induction. In this respect, they are similar to the maize C1 gene, and it may be that there are a large number of myb-related genes in plants involved in regulation of metabolism in this way. We are currently investigating the regulatory role of these floral myb genes by expressing antisense constructs in transgenic plants.
METHODS
Stocks myb gene cDNAs and genomic clones were isolated from Antirrhinum majus line JI:522, which has fully pigmented flowers.
Construction and Screening of the cDNA Library RNA was isolated from developing flower buds and purified by oligo(dT)-celiulose chromatography, as previously described (Martin and Northcote, 1981) . cDNA was prepared and cloned into i\gt10 (in accordance with the instructions in the Amersham cDNA synthesis-plus and cDNA cloning kits). Two 42-mer oligonucleotides containing sequences from the most highly conserved region of the myb domain were synthesized for screening. Oligonucleotide 01 represented a "consensus" sequence taking into account the amino acid sequence of c-myb from human and Drosophila as well as the C1 sequence (TTGCCIGGICGIACIGATAATGAIAT-TAAIAATTATTGGAAT), and oligonucleotide 02 represented the nucleic acid sequence from C1 encoding the equivalent amino acid sequence (CTGCCTGGCCGAACAGACAATGAAATCAAG-AACTACTGGAAC) (Paz Ares et aI., 1987) . Each oligonucleotide was end-labeled using polynucleotide kinase in the presence of ),-32 p-dATP (Maniatis et aI., 1982 ) and used to screen one set of duplicate filters lifted from a library of approximately 50,000 plaques. Filters were hybridized in 6 x SSC, 0.1% SDS, 0.02% Ficoll, 0.02% PVP, 50 JIg/mL salmon sperm DNA, and washed in 3 x SSC, 0.5% SDS, both at 54°C. Four clones containing the sequence of myb 305 were isolated, two containing the 308 sequence and one each for 306, 315, 330, and 340. Only 330 and 340 were found to be full length. Despite the similarity between the myb domains, at high stringency (0.1 x SSC 0.5% SDS, 65°C) no cross-hybridization was found between the cDNA clones except between 340 and 305 on plasmid DNA gel blots. No cross-hybridization was found between the carboxy termini of 305 and 340 on genomic DNA gel blots, indicating that under these conditions they could be used as gene-specific probes.
RNA Gel Blotting
Poly A+ RNA was prepared from developing flower buds and other plant organs as described by Martin and Northcote (1981) , and RNA gel blots were performed as in Martin et al. (1985) using approximately 5 Jig of poly A+ RNA per track. Isolated cDNA fragments were nick translated in the presence of a-32 P-dCTP for use as probes (Maniatis et aI., 1982) . Filters were washed at high stringency (0.1 x SSC, 0.5% SDS at 65°C). Under these conditions, no cross-hybridization was noted between any of the genes, even between 305 and 340, which could be distinguished by different transcript size. A cDNA clone of the gene encoding F-3-H (pJAM 239) (Almeida et aI., 1989) was used for comparison of myb gene expression with that of genes involved in anthocyanin biosynthesis.
In Situ Hybridization
In situ hybridization was performed as described by Jackson (1991) . Sense and antisense probes were transcribed from either full-length cDNA clones in a pGEM-Z vector or from clones containing the carboxy terminus without the myb domain to avoid possible cross-hybridization between the different myb transcripts. Autoradiographic exposure was for 6 weeks at 4°C. In all cases, no signal over background was observed using control sense-strand probes.
PCR Amplification cDNA was amplified by PCR according to Frohman et al. (1989) . First-strand cDNA was synthesized from 10 Jig of total RNA using the (dT)-17 adaptor as a primer. To stop the reaction, the sample was diluted to 1 mL with water. A 10-,uL sample was taken for amplification using either oligonucleotide 01 or 02 as the 5' primer or specific 25-mers made for each myb gene sequence from less highly conserved regions of the myb domain. The best results were obtained with the 3' primer at 50 nM and the 5' primer at 500 nM. Amplification involved 40 cycles with a denaturation time of 2 min at 94°C, an annealing time of 2 min at 55°C, and an extension time of 3 min at 72°C. To obtain sufficient quantities of 315 and 306 cDNA for subcloning, reamplification was necessary. The products from the first round of amplification were size fractionated on 2% agarose (1: 1 Nieuwsieve agarose FMC:Sigma agarose), and the DNA (approximately 1 ,ug) was isolated and resuspended in 20 ,uL of TE (10 mM Tris-HCI, 1 mM EDTA, pH 8.0). An aliquot (5 ,uL) was then used for reamplification. Amplified cDNA was size fractionated on agarose gels and isolated, and the ends were made flush using T4 DNA polymerase (Maniatis et aI., 1982) . Where possible, cDNA was subcloned using Clal, Sail, or Xhol, which cut in the (dT)-17 adaptor, and a known enzyme close to the myb domain primer. Where this was not possible, cDNA was blunt ended and subcloned into the EcoRV site of pK8.2 (a gift from P.T. Jones), which contains the m13K11 polylinker in pUC8 and allows positive selection against nonrecombinants (Waye et aI., 1985) . In each case where PCR was used to obtain full-length cDNA clones, at least two clones from each gene were sequenced. No sequence discrepancies were found for 305 or 315. Only two full-length cDNA clones were obtained for 306. These showed two differences in the sequence, both being single-base substitutions. Both differences involved the presence or absence of a restriction enzyme site. The sequence was verified, therefore, by digesting PCR-amplified cDNA with the relevant restriction enzymes and determining whether the majority of amplified molecules did or did not contain each site.
Isolation of Genomic Clones
DNA was purified from Antirrhinum line JI:522 as described by Martin et al. (1985) . The DNA was partially digested with EcoRI, size-fractionated to give fragments between 15 kb and 20 kb, and then ligated into the EcoRI site of AEMBL4. Approximately 200,000 plaque-forming units were screened with cDNA clones 308 and 305. One positive clone was isolated hybridizing to 308 and two to 305. The genomic clones were mapped with reference to the cDNAs, and the sequences 5' to the cDNAs were determined. In the case of 308, the sequence of the genomic clone immediately 5' to the 308 cDNA revealed an open reading frame that, when translated, gave a derived amino acid sequence showing strong homology to the 5' region of the C1 and c-myb DNA binding domain. No introns were detected between the 5' end of the cDNA and the deduced first methionine residue. The genomic sequence of 305 showed one intron between the end of the cDNA and deduced 5' end of the gene. This intron was positioned at exactly the same point as the first intron of C1. A second intron in 305 and the only intron in 308 were positioned at exactly the same point as the second intron of C1. The translated regions of 305 were deduced by searching the sequence for open reading frames showing similarity to the myb DNA binding domain, and by hybridization with clone 340, which is very similar to 305 within the myb domain.
myb Genes in Antirrhinum 123
Quantification of cDNA Amplification by PCR The concentration of primers was checked to give maximum amplification of the myb genes compared with non-myb artifacts. The degree of amplification was exponential up to and beyond 40 cycles. The PCR amplifications were compared with the estimated transcript level obtained from RNA gel blotting, and in all cases these were similar, indicating that the PCR was semiquantitative and could be used to infer presence or absence of a particular myb transcript in different organs.
Sequencing
Sequences were determined according to Sanger et al. (1977) by subcloning into M13mp18 and M13mp19 or by double-stranded plasmid sequencing in Bluescript using Sequenase (United States Biochemicals).
